During the isolation of penicillin resistant mutants of Brucella abortus, B. suis, or B. melitensis two effects of the antibiotic were observed: (1) rapid population changes involving the establishment of nonsmooth mutants during growth in increasing concentrations of penicillin; and (2) the occurrence of smooth, penicillin resistant cells whose phenotype differed depending on whether they grew in the presence or absence of penicillin. An analysis of these effects will be described in this report.
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EXPERIMENTAL METHODS AND RESULTS
For the isolation of penicillin resistant Brucella mutants three representative smooth strains were employed, a C02-requiring strain of B. abortus, a B. suis and a B. melitensis strain. The penicillin susceptible B. suis cells failed to grow on "2-1" agar' in the presence of 5 units of penicillin per ml; B. melitensis and B. abortus showed a greater initial penicillin tolerance; B. melitensis was inhibited by 25, but not by 20 units, and B. abortus by 35, but not by 30 units per ml. All three strains displayed greater penicillin susceptibility in tryptose broth; they grew poorly in the presence of 5 units of penicillin per ml and failed to grow in tryptose broth containing 10 units per ml. Serial transfers in tryptose broth containing increasing concentrations of penicillin were employed for the isolation of more resistant mutants. Heavy suspensions of smooth cells, prepared from 48-hour-old tryptose agar slants, were inoculated into flasks containing 25 ml of tryptose broth plus 5 units of penicillin per ml. These initial cultures were kept on a shaker at 37 C for 3 days until visible turbidity developed. One ml of the first culture then was transferred to 25 ml of fresh medium containing twice the concentration of penicillin, i.e., 10 units per ml. In this manner serial transfers were made every 2 to 5 days to media containing 20, then 40, and finally 80 units of penicillin per ml until good growth was obtained in the presence of 80 units. Subsequently, cells capable of growing in the presence of 320 units of penicillin per ml also were isolated.
To confirm the resistance of the cells growing in 80 units of penicillin per ml, aliquots of these cultures were plated on "2-1" agar media containing 80 (Goodlow, Mika, and Braun, 1950) Only traces of alanine could be detected in filtrates from cultures grown for prolonged periods, and this lack of alanine a-cumulation was associated with an absence of population changes. In fact, prior to growth in penicillin media, it had not been possible to isolate nonsmooth mutants from this strain. To determine whether the increased population changes after culturing in the presence of penicillin are associated with increased alanine accumulation, a penicillin resistant mutant (resistant to 320 units of penicillin per ml) obtained from this B. melitensis strain was grown in the absence and presence of penicillin in Gerhardt-Wilson's synthetic medium containing DL-asparagine as the N source (Gerhardt and Wilson, 1948) . Table 3 shows the results of a paper partition chromatogram prepared with phenol solvent from filtrates of 27-day-old cultures and illustrates the type of result usually obtained. Cultures containing the highest level of penicillin showed population changes and an accumulation of alanine, whereas cultures with 160 units or less penicillin per ml and the control Gale and Rodwell, 1948) , but the point of interest in this case is the finding that such effects are associated with enhanced population changes. Additional studies also were made of the second penicillin effect, the temporary modification of smooth penicillin resistant cells which will develop into nonsmooth colonial types in the presence of penicillin. It was determined that this phenotypic effect involves not only colonial characteristics but also antigenic characteristics as indicated by the acriflavine test which is 100 per cent correlated with antigenicity of brucellae (Braun and Bonestell, 1947 To demonstrate further the modifying effects of penicillin upon colony morphology, penicillin resistant smooth cells of B. abortus or B. suis were plated on media containing penicillin (320 units ml) and permitted to develop into mucoid appearing colonies for three days. In order to remove the penicillin effect at this time, penicillinase was applied either in a center trough or with the aid of cups. The plates then were incubated for an additional two days. Subsequent inspection of colonies revealed that the influence of penicillin had been effectively removed and initially mucoid colonies now showed a zone of smooth growth around the mucoid center. The smooth zone represented the part of each colony which had developed after contact with penicillinase, and its width was greatest in colonies lying close to the penicillinase source. These effects required growth; they did not occur when penicillinase-treated penicillin plates were kept at 5 C, or when streptomycin was applied in growth inhibiting concentrations simultaneously with penicillinase and the plates were incubated at 37 C. Prolonged incubation of penicillinase-treated plates resulted in the disappearance of the mucoid center, but whether this was due to a restoration of smooth characteristics in the originally smooth cells after removal of the blocking effect produced by penicillin, or to an overgrowth of the colony by layers of phenotypically smooth cells could not be determined with accuracy. When colonies were grown first for three days on plain media and subjected to penicillin thereafter, the originally smooth appearing colonies were entirely modified to mucoid appearance and mucoid acriflavine reactions; colonies with smooth centers and mucoid halos have not been observed so far. This latter effect, if proved to be consistent, could be due to the overgrowth of penicillin exposed, initially smooth colonies, with a layer of mucoid reacting cells; however, our inability to detect in these colonies any cellular elements giving a smooth acriflavine reaction does not favor this explanation.
Preliminary data obtained with B. suis and B. abortus show that similar modifying effects on colony morphology and acriflavine reactions also can be obtained if penicillin sensitive smooth cells are grown on media containing 1 or 2 units of penicillin per ml, a concentration that is not inhibitory for the growth of these brucella cells.
DISCUSSION
The foregoing results demonstrate two entirely different penicillin effects. First, rapid population changes, involving the establishment of mutants with nonsmooth colonial and antigenic characteristics, occur when penicillin resistant cells of brucellae are grown in tryptose broth containing penicillin. Similar population changes do not occur when such cells are grown for similar periods in penicillin-free broth. With the help of a B. melitensis strain that is unique in the lack of alanine accumulation in penicillin-free media, it has been possible to obtain evidence that these increased population changes in the presence of penicillin are associated with increased alanine accumulation in the culture medium. These results thus confirm the many recent observations which indicate that the accumulation of certain metabolites may create an environment favoring the progressive establishment of nonsmooth mutants with increased resistance to such metabolites (Goodlow, Mika, and Braun, 1950; Goodlow, Tucker, Braun, and Mika, 1951) .
The second penicillin effect involves the temporary modification of colonial, antigenic, and probably also virulence characteristics of brucella cells grown in the presence of penicillin. It is possible that these changes in phenotype are due to an interference by penicillin with the synthesis of those constituents of the cell surface which are responsible for the characteristics associated with smooth types. The results of Hotchkiss (1950) on the abnormal course of bacterial protein synthesis in the presence of penicillin support this assumption. Such presumed interference with the synthesis of compounds responsible for smooth characteristics may permit the analysis of biochemical steps involved in the synthesis of these cell characteristics, through utilization of the type of technique that has been applied extensively in the work with "biochemical mutants". This technique consists in supplementing the media with known compounds to ascertain whether the supplement is capable of restoring the interrupted biosynthetic process. Thus, specific amino acids or peptides involved in the synthesis of the surface proteins might be detectable by the addition of such intermediates to penicillin containing media and subsequently testing for the development of smooth characteristics in penicillin resistant populations that ordinarily would yield a nonsmooth phenotype in the presence of penicillin. Preliminary tests of this kind suggest that the addition of 1 mg per ml of D-or L-aspartic acid can overcome the penicillin effect in one of several penicillin resistant strains tested. In contrast, D-leucine, D-or L-asparagine, and DL-phenylalanine were observed to enhance the penicillin effect. These and similar studies on smooth penicillin resistant mutants, whose phenotype in regard to antigenic characteristics can be altered at will, will be continued.
SUMMARY
Two different effects of penicillin on cells of brucellae have been observed. (1) Rapid population changes, involving the establishment of nonsmooth mutants in originally smooth populations, occurred when cells of Brucella suis, B. abortus, or B. melitensis were transferred serially in broth containing increasing concentrations of penicillin. This effect appears to be associated with increased alanine accumulation during growth in penicillin containing media. (2) Smooth, penicillin resistant cells displayed a different phenotype depending on whether they grew in the absence or presence of penicillin. Nonsmooth colonial and antigenic characteristics, as well as a loss of virulence, were observed when such cells were grown in penicillin containing media; the degree of modification depended on the strain and penicillin concentration employed. This penicillin effect was reversible by application of penicillinase, permitting the recovery of colonies with nonsmooth centers and smooth halos from penicillin resistant smooth cells grown initially on agar media with penicillin.
